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Total axial foroo, lbs/in., at any station defined by r Q . 
Positive downward. 

Tonsilo force, lbs/in., tending to produce axial deformation. 
(Total H force on one ond of specimen “2 H(k + l/2r) 

Internal pressure, p.s.i. 

Small radius of torus, inches, (r ® 1” for cases tested.) 

Largo radius of torus, inches. (P • 6.3125" for cases tested.) 
Distance of point from axis of torus. 

Padii of curvature of a shell in the form of a surface of re- 
volution in meridional plane and in tho normal plane perpen- 
dicular to meridian, respectively. 

Membrane forces por unit length of principal normal sections 
acting meridionally and perpendicular to the meridian, re- 
spectively. 

l/Z S T 

Total elongation of expansion joint 

Angle defined by the intersection of r g with axis of revolution. 
(Three dimensional theory. ) 

Value of $ after deformation. (Throe dimensional theory. ) 

Anglo between perpendicular to axis and perpendicular to shell 
(Two dimensional theory. ) 

Moment at section mn (two dimensional theory) 

Thickness of expansion ring 
F.nergy (Two dimensional theory) 
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SUMMARY 



The purpose of this investigation ms to investigate, the stresses 
encountered for a seraioircular expansion joint for a rockot motor. 
Information vras desired to rolate these stresses to the various para- 
meters of the problem. 

The stresses involved in this design were found to approximate 
those indicated by the exact membrane theory. The specimon having 
the lesser thickness was found to agree more closely with the exaot 
membrane theory# and gave the lowest value of stresses. 

.An empirical method of membrane analysis# based on deformation 
profiles# was developed. This method is applicable for stresso3 
slightly above the elastic limit and may be extrapolated for higher 
values. 

The design tested was found to be inherently unsatisfactory on 
the basis of tests and theoretical considerations. 

An alternative design was indicated which would have lower values 
of stress for a givon value of deformation# and which could be dosigned 
strictly on the bads of theoretical calculations. 
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The incrcosi^g interest 5n rcckot motors has focused attention 
on the lacK of data available in connection with the design of safe 
and efficient expansion joints for the rocket assembly. '"hese expan- 
sion joints "uct withstand high fuel pressures and nust allow large 
degrees of cxrmnsion and contraption due to temperature variation. 

The external radial dimensions of tho expansion joint are limited 
by a rodynamic considerations and the internal dimensions aro limited 
by fuel flov; ronu irements. After fulfilling these physical require- 
ments the cosi rn must then be governed by ease of production, assembly, 
and maintainonce. 

In an effort to aid in finding tho most suitable type, tests 
were nade on two different expansion joint soecimens. 

Tic;. 1 s^owc in a simolified form the combustion chamber, fuel 
chamber, and expansion joint of a tyoical rocket motor. Tho high 
temperature due to combustion causes an elongation of the inner chamber, 
which in turn causes the outer cyli. dor to elongate. High fuel oros- 
suros ere present between the outer and innor walls. It is necessary 
for the expansion joint to withstand the stresses caused by both tho 
elongation and internal fuel pressure. >dth tho assumed temoerature 
distribution as noted in Fig. 1, the elongation in ten inches due to 
temperature is aooroximatoly 0.155 inches. 

Information desired from the tests included the relation, at 
various internal pressures, between elongation of the specimen and the 
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etressos in the expansion, ring, the loading which would give pormanent 
set, sui fcl.j amount of rupee tod loadings necessary to cousc fatigue 
failure. 

?he t'vc s ie ci^cns tested differed oily in the thickness of tho 
oxp.nsirn joint shell. Tine emitted carrying out of only a sr.all 
ourt j? tho desired oro grain . 

In tv: Jitiou, three theories were developed* the "iret, a two- 
ci Inens ' v. ru.l theory based on bending and energy equations; the second, 
a throe dim ns i on.nl membrane theory, called the empirical nembrane 
theory, basso or the assumption that the expansion ring deforms into . 
an ellipse when elongated; and the third, a general three-dimensional 
nembrane analysis, called th. elastic * e v r&ne theory. A comparison 
• >v ras ~>ade cetv.’oen the rationalised results and the actual tost data. 

On th.e 1 a s i s of these theories th.e inherent unsatisfactory nature 
of the expansion rings tested became so 'arout aid a more suitable 
tyoe «vae nrooosee. 
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i t* ill ustratlot. of the tost specirac.i is si. own in fig. 2. ."he 
entire ass-.-bl/ was constructed of 1020 stool. The expansion ring 
and the two end plates wore v/olJod in nlaco. On the first speoinen 
the i 3 ion ring had a thickr.ess of 0.05 inches, while on the second 

sjocinoi the thickness was 0. 04 inches. Internal pressure was obtained 

f 

by the uso of a hlackhawk hydraulic jack which forced oil into & 5/8" 
hole at the top of the specimen, hither tv/o stool bars or two steel 
plugs were screwed into tho center of tho top and bottom plates de- 
pending whetho r it was necessary to place the specinon in tension or 
compression. This tension or compression was accomplished in a oouth- 

i 

w<;rk 300,000 lb. testing machino. Control and accuracy allowable by 
this machine is excellent. 

Pro\ r ision was made for applying a centralized load without bond- 
ing moments wherever possible, ophorical bearings wero used in to 
sion tests, and ball bearing pyramids were used in compression when 
applied loads were below 40,000 lbs. Beyond this point lead washers 
were used to centralize the load. 

SK-4 strain gages, typo ^-8, manufactured by the Baldvdn Locomotive 
..orks, were used. Five gages were located on the first specimen as 
illustrated. In order to obtain a hotter average stress eight gages 
were used on tho second specimen. Their locations arc likewise shown. 




fpocimen Mo. 1 



Specimen ho. 2 
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Tioso strain i’a~os v/jre used .!.•» conjunction -A th a multiple 
charnel yheatstono bridge designed and made at th« California In- 
stitute of Technology. Voltage measurement was made oy a Leeds and 
Northrop -dotentionetor. This ao„.aratus was capable of measuring the 
change in voltage in the strain gages to an accuracy of 0.001 milli- 
volt. It ncmitted the determination of the change in voltage when 
the ga^os were in either tension or co?noression. 

Two gages, localod 90° apart, wore employed to neasure the overall 
olonration of the soecinens. Tho first was a vernier nicromotcr which 
was capable of measuring within 0.001" accuracy; and the second, a 
dial gage, was ci pable of measuring within 0.0005'* accuracy. The 
mean of their readings was taken as standard. 

Calibrations wore first made on the oR-4 strain gages. A gage 
was glued to each sido of a standard 245 T test specimen. The spocimon 
was placed in a tasting tug chins and the strain gage voltages for 
various tensile forces v/ero recorded as notod in Table 1. 

elongations wero calculated by the usual theoretical methods and 
checked by Luggonberger struin gages. p rom this data the stress- 
millivolt relation for steel was determined as shown in Table I. 

This relation is plotted in dig. 3. 

-oecimen -< 0 . 1 was mounted in the iouthwaru testing machine, 
as illustrated in dhotogrnohs *.o. I and *- 0 . II, and elongated with 
internal orossures varying from zero to 600 , per sq. in. The voltage 
across each strain gage was recorded for each combination of pressure 
and aloiration, and tho results tabulated in Table II. The stressos 
as determined from Table ll and 1 ig. 5 are recorded in Table III. 



Iix most ins -aacco the ooocinen hau to bo placed under compression 
by tlic • uthAur’ testing machine in order to prevent the internul 
pressures fro*, elongating the specimen :>ast the elastio limit. 

• ith an internal pressure of 600 , tho spocinen was then allowed 
to elongate until an overall charge in length of 0.2 inches was 
reached. T. 's was woll ou3t the clastic limit of the material. The 
results are recorded in Tables II and III. 

finally, iribh a constant pressure of COO the elongation vms 
varied between zero and 0. 2“ until rupture occurred. 

The oroccdurc for testing the second specimen was similar to that 
of tho above. 

In Pigs. through 21 are plottod values from Table III. Two 
types of graphs were nadc : one of stress versus elongation with in- 

ternal pressure as a parameter, and the other of stress versus pressure 
with elongation as u parameter. 
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Three theoretical approac v .♦ re made to the problon and an 
attempt made to relato the results to the test data. 

The first method was a two-dimensional analysis using the energy 
equation S. This method assumes that the energy goes into bending 
and hoop stresses. 

The second method involved an empirical three dimensional men- 
bruno aporoach assuming that the pattern of the expansion ring takes 
the form of an ellipse when elongated. This method is designed to 
givo greatest accuracy for comparatively large elongations and does 
not necessarily hold too well for small elongations. 

The t’-'ird method was an exact three dimensional membrane approach 
on the basis of theoretical mornbrano deflection and stresses. It 
holds only when all parts of the membrane are within the ela3tio 
limit. 

The three methods are prosented in detail on the following pagos. 
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-»o a first approach in rationalizin'" tho problem, a tno dimensional 
energy analysis was made. This r.iothod essentially followed the pro- 
cedure outl ned in Ftof. Z t Page 7 3 . It is assumed that the energy 
is absorbed by bonding of the ring, and by an increase in the ring 
diameter caused by w hoop" stresses. It neglects the fact that the 
soocimen is considerably more rigid in the threo dimensional case 
than in tho t% _ o dimensional caso. 
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This theory assures thf t bonding 
stresses are snail in relation to rnoir- 
branc 3tro3Sos ani that beidin^ produces 
only local effects, ‘-'enbrane stresses 
are counted for the iiitial condition 
and for the observed defomation pattern 
at comparatively largo values of elonga- 
tion (i.c., in the vicinity of the 
elastic limit), thereby providin' a basis of e~pirical design if test 
data is compatible with mcnbra.no theory. 

The observed deformation, curve ’.Mas found to roscrable an ellipse 
with the ninor axis shortened O.Ooo" ano the major axis lengthenod 
0.03C” for stresses slightly above the elastic ropion. near the weld, 
the ellipse was observed to be slightly c. storted at lar -e values of 
elongation. 

Tl.is method assumes elliotical distortion in the manner noted 
above and derives equations which give stress's c^rrosoonding to this 
distortion in terns of the various parameters. s3ontially, this pro- 
cedure is a variation of the method "iveri in .->rt. 73 of he’ - *. 1. 
r 0 h Td J 01.:r / (See fif. a) 

2 r 0 il^einj^ + ? a 0 

But -F - TT p(TT7TT2 - I 2) + ri ( I + l/2r) 2 TT 
Subutitutinr : (ft ° 90 °) 




